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Tuesday, February 28, 2012 473apositive inside rule. Even though there are many similarities the overall
distributions are remarkably different between alpha and beta proteins, with
beta-barrels displaying a much narrower hydrophobic core. We confirm that
hydrophobic residues are the main driving force behind membrane protein
insertion, while polar, charged and aromatic residues were found to be impor-
tant for the correct orientation of the helix inside the membrane.
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Cell division in the gram-negative bacterium Escherichia coli is carried out
through the cooperative assembly of at least 10 required proteins, known as
the divisome. Few divisome proteins have described functions, and the struc-
tural details of their interactions are still primitive. The focus of this study is
the structural characterization of two proteins that interact independent of
other divisome components; FtsL and FtsB. Both proteins contain a small cy-
toplasmic tail, a single-pass transmembrane domain (TMD), and a predicted
coiled-coil domain (CCD). We are also structurally characterizing the homo-
logs of FtsL and FtsB, FtsL and DivIC, respectively, in Bacillus subtilis, the
gram-positive model system of bacteria.The sequences of FtsL and FtsB are
not highly conserved, but similar proteins are present in other bacterial spe-
cies. FtsL and FtsB rapidly degrade in the absence of one another in vivo,
so their interaction is a possible regulation point in division. Additionally,
the stability of FtsL and DivIC is predicted to be important for guarding
against transmembrane proteolysis. Here, we present a detailed structural
characterization done through the use of use of in vitro biophysical interaction
assays, in vivo screening methods, and computational modeling. Due to the
difficult nature of studying integral membrane proteins, we have dissected
FtsL and FtsB into their separate domains and performed biophysical interac-
tion assays to determine how the domains work together to interact in vitro.
Our combinatorial approach will provide a basis for functional hypotheses
of these proteins in vivo, significantly improving our understanding of bacte-
rial cell division.
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Outer membrane protein A (OmpA) of Escherichia coli is a paradigm for the
biogenesis of outer membrane proteins; however, the structure and assembly
of OmpA remain controversial. Studies to date support the hypothesis that na-
tive OmpA is a single-domain large pore, and a two-domain narrow pore con-
former is a folding intermediate. The in vitro refolding of OmpA to the large
pore conformation requires that the protein be isolated from outer membranes
with an intact disulfide bond and then adequately incubated in lipids at tem-
peratures R 26 C to overcome the energy of activation for refolding. The
in vivo maturation of the protein involves covalent modification of serines
of the N-terminal domain by oligo-(R)-3-hydroxybutyrates as the protein is
escorted across the cytoplasm by SecB for post-translational secretion across
the SEC translocase in the inner membrane. After cleavage of the signal se-
quence, protein chaperones, such a Skp, DegP and SurA, guide OmpA across
the periplasm to the BAM complex in the outer membrane. During this pas-
sage, a disulfide bond is formed between C290 and C302 by DsbA, and the
hydrophobicity of segments of the C-terminal domain which are destined
for incorporation as b-barrels in the outer membrane bilayer is increased by
covalent attachment of oligo-(R)-3-hydroxybutyrates. With the aid of the
BAM complex, OmpA is then assembled into the outer membrane as a sin-
gle-domain large pore.
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Ubiquitination, used by all eukaryotic cells to tag proteins for proteasomal
degradation, is also involved in membrane protein regulation. The process
of ubiquitination is mediated by ubiquitin ligases, such as the MARCH li-
gases in this study. The MARCH ligases are membrane proteins and play
a major immunoregulatory role in cells of the immune system. They recog-
nize their (membrane protein) substrates via transmembrane (TM) interac-
tions_a poorly understood phenomenon. In order to characterize these TM-induced MARCH-substrate interactions, we have performed replica exchange
molecular dynamics (REX-MD) simulations in an implicit membrane to
model TM structures of MARCH-1 and MARCH-9 based on their TM and
loop sequences. Both MARCHs have two putative TM helices (TM1 and
TM2) connected by an extracellular loop. The key TM1-TM2 interfacial res-
idues and the relative orientation of the two TMs are identified and presented.
We have also determined possible TM interaction modes of known MARCH-
substrate by REX-MD simulations of the complex structure, and the results
will be presented in terms of the molecular basis of the MARCH-substrate
recognition mechanisms.Protein Biophysics in vivo
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Proteins fold and function in the crowded environment of the cell’s interior. In
the recent years it has been well established that the so-called ‘‘macromolec-
ular crowding’’ effect enhances the folding stability of proteins by destabiliz-
ing their unfolded states for selected proteins. On the other hand, chemical
and thermal denaturation is often used in experiments as a tool to destabilize
a protein by populating the unfolded states when probing its folding landscape
and thermodynamic properties. However, little is known about the compli-
cated effects of these synergistic perturbations acting on the kinetic properties
of proteins, particularly when large structural fluctuations, such as protein
folding, have been involved. In this study, we have first investigated the fold-
ing mechanism of Trp-cage dependent on urea concentration by coarse-
grained molecular simulations where the impact of urea is implemented
into an energy function of the side chain and/or backbone interactions derived
from the all-atomistic molecular dynamics simulations with urea through
a Boltzmann inversion method. In urea solution, the folding rates of a model
mini protein Trp-cage decrease and the folded state slightly swells due to
a lack of contact formation between side chains at the terminal regions. In ad-
dition, the equilibrium m-values of Trp-cage from the computer simulations
are in agreement with experimental measurements. We have further investi-
gated the combined effects of urea denaturation and macromolecular crowd-
ing on Trp-cage’s folding mechanism where crowding agents are modeled as
hard-spheres. The enhancement of folding rates of Trp-cage is most pro-
nounced by macromolecular crowding effect when the extended conforma-
tions of Trp-cast dominate at high urea concentration. Our study makes
quantitatively testable predictions on protein folding dynamics in a complex
environment involving both chemical denaturation and macromolecular
crowding effects.
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Explicit solvent fully atomistic molecular dynamics simulations of chymotryp-
sin 2 in concentrated protein solutions are described to better understand the
role of protein-protein interactions in crowded cellular environments. The ef-
fect of protein crowding on protein stability and self-diffusion is discussed
and compared with experimental data. An energetic analysis is presented to
quantitatively analyze the components of the free energy of crowding, i.e.
the transfer free energy between dilute solvent and crowded environments.
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Protein-protein interactions play an essential role in many biological processes,
including DNA transcription regulation, signal transduction, membrane-protein
trafficking and immune response. The cellular medium is crowded with an en-
semble of macromolecules, e.g., proteins, nucleic acids, sugars and lipids.
These macromolecules can occupy as high as 30% of the cell volume and in-
teract with proteins via van der Waals and electrostatic interactions, thereby
474a Tuesday, February 28, 2012affecting the stability and kinetics of multiprotein complexes. Experiments and
simulations have shown that macromolecules increase the protein-binding af-
finity via the excluded volume effects, while the presence of attractive interac-
tions between proteins and crowding agents decreases the binding affinity.
Such competition between stabilizing effects by excluded volume and destabi-
lizing effects by attractive interactions can complicate the interpretation of ex-
perimental data on protein-protein interactions in a crowded solution as well as
in a living cell. Although theories based on the scaled particle theory have been
successful to describe the excluded volume effects on the protein-binding equi-
libria, no quantitative theory has been attempted to describe the protein-protein
interactions in a crowded solution with repulsive as well as attractive interac-
tions. Here we develop a quantitative theory for protein-protein interactions
in the presence of attractive crowding agents. Without any fitting parameter,
the theory describes very well the simulation data of the protein-binding affin-
ities for several protein complexes influenced by attractive crowding particles.
The theory provides further insights into understanding of in vivo macromolec-
ular crowding effects on protein-protein interactions.
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In cellular environments the total macromolecule concentrations can exceed
300 g/l. Such crowded conditions can significantly affect stability, kinetics,
and function of proteins. Previous studies on the effects of crowding have fo-
cused on the excluded-volume interaction. Recent studies with protein crow-
ders and cell lysates suggested that, in addition to excluded-volume
interaction, these crowding agents also have a soft interaction with the test pro-
tein chymotrypsin inhibitor 2 (CI2). The latter interaction has a comparable, or
even greater effect on CI2 folding stability than the former interaction. We have
developed a postprocessing method for modeling crowding [1, 2]. In this
method we simulate the end states (e.g., folded and unfolded states) of a protein
in a dilute solution and then calculate the free energies of transferring these
end-state conformations to a crowded solution. We thus bypass the slow tran-
sitions between end states, which have necessitated coarse-grained representa-
tions by others. The postprocessing method was applied previously [1-3] to
treat excluded-volume interaction, by either an insertion algorithm [1] or a the-
ory involving numerically calculated radius, area, and volume [4], with the test
proteins represented at the all-atom level. Here we treat the additional soft in-
teraction, by using a fast Fourier transform based algorithm. We use the new
method to study the total effects of protein crowders on CI2 folding stability
and compare the results to experimental data. The success in modeling both
excluded-volume and soft interactions of protein crowders is an important
step toward understanding the total impact of cellular environments.
[1] Qin & Zhou (2009) Biophys. J. 97, 12.
[2] Qin, Minh, McCammon & Zhou (2010) J. Phys. Chem. Lett. 1, 107.
[3] Dong, Qin & Zhou (2010) PLoS Comput. Biol. 6, e1000833.
[4] Qin & Zhou (2010) Phys. Rev. E 81, 031919.
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An energy landscape theory and corresponding algorithm has been constructed
to predict the mechanism of protein misfolding, in environments mimicking
those in the cell (see accompanying graphic). Energetic and entropic terms,
as well as solvation free energy, must be accurately accounted for in this phys-
icochemical rather than bioinformatic approach. The algorithm is capable of
predicting regions of protein that are thermodynamically prone to misfolding,
how mutations or altered cellular environment can affect the stability of these
regions, and how rationally designed small molecules or antibody therapies
can block misfolding pathways. Antibodies prepared against free peptides
that mimic these regions may be experimentally tested for selective affinity
in vitro, and these
epitopes can be vali-
dated in animal
models of ALS.
Mechanical stability
as probed in silico
using adaptively-
biased force simula-
tions support the
energy landscape
predictions, andthrough stability and metal affinity measurements, further show a remarkable
ability to predict the lifetime of ALS patients once neurodegenerative symp-
toms have been diagnosed.
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Collagen is an important structural biomolecule that is abundant in all animals.
Proper degradation and remodeling of collagen is crucial to an organism’s sur-
vival; moreover, excessive degradation of collagen is involved in many disease
processes such as atherosclerosis, cancer metastasis, and arthritis. While a num-
ber of studies have shed light on the mechanism of collagenolysis in solution,
the precise mechanism of collagen degradation in the native fiber remains mys-
terious. In this work, we use molecular dynamics simulations on a model of na-
tive collagen fibrils, obtained from recent fiber diffraction data, to understand
the mechanism of fibrillar degradation. Our data suggest that the unique colla-
genase cleavage site in native fibrillar state behaves much like it does in solu-
tions composed of tropocollagen molecules. In particular, in the fibrillar state
the region about the collagenase cleavage site can adopt two distinct conforma-
tional states - one where the atoms comprising the scissile bond are relatively
hidden and another state where the scissile bond is relatively exposed, or vul-
nerable, to collagenolysis. These data extends our previous work and suggests
that conformational flexibility plays an important role in determining the rate of
collagenolysis in collagen fibrils.
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When one wants to simulate the folding of proteins or the dynamics of intrin-
sically disordered proteins, atomistic simulations very soon become prohib-
itvely expensive. This is even more so when multiple unfolded proteins are
considered as for example in the case of amyloid formation. For these scenarios
coarse-grained models are required. Here we present a newly developed hier-
archic coarse-grained model which builds upon Langevin Dynamics. Using
this very efficient solvent-free simulation technique allows for more freedom
in the modelling than the united-atom-approaches with their still spherical
super-atoms. Here we show how we base the model of the protein backbone
on non-spherical building blocks with off-center bonds. By construction then
the allowed regions in the Ramachandran angle space are reproduced. Non-
local steric interactions, electrostatics, and hydrogen bonds form a second layer
and shift the secondary structure propensities according to the residue types.
We also demonstrate that poly-peptides form alpha-helical or beta-strand struc-
tures according to their amino-acid composition even when we start from ran-
dom initial configurations. This model can then be applied to efficiently
simulate the folding and association of multiple unfolded proteins like A-
beta or alpha-synuclein.
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Modern simulation techniques are beginning to study the dynamic assembly
and disassembly of multi-protein systems. In these many- particle simulations
it can be very tedious to monitor the formation of specific structures such as
fully assembled protein complexes or virus capsids above a background of
monomers and partially assembled complexes. How- ever, such analyses can
be performed conveniently when the spatial configuration is mapped onto a dy-
namically updated interaction graph [1]. On the example of Monte Carlo sim-
ulations of spherical particles with either isotropic or directed mutual
attractions we demonstrate that this combined strategy allows for an efficient
and also detailed analysis of complex formation in many-particle systems.
Some more examples illustrate how time-dependent many-particle agglomera-
tion can be visualized [2] or classified as either ordered or amorphous.
[1] F. Lauck, V. Helms, T. Geyer, J. Chem. Theory Comput. 5 (2009) 641
[2] T. Geyer, BMC Biophys. 4 (2011) 7
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A recent article by leaders in the high-throughput screening (HTS) field
(Macarron, et al., Nature Reviews Drug Discovery, 2011), emphasized that
